The genus Berchemia (Rhamnaceae) with more than 31 species occurred in Asia. About eighteen species are distributed in south part of China. Their roots have been used as a remedy for gall stones, stomach-ache, rheumatism and lumbago in Chinese folk medicine. 1) Hitherto, B. racemosa, B. pakistanica, B. zeyheri, B. formosana, B. polyphylla, and B. floribunda were chemically investigated and some lignans, 2) flavones, 3-9) aromatic glycosides 10,11) and quinines [12] [13] [14] were isolated. In the course of our search for active components from the genus Berchemia, ethanol extracts of the roots of B. floribunda showed obviously hepatoprotective effects against D-galactosamine-induced toxicity. Furthermore, from bioactivity-directed fractionation four novel anthraquinone-benzisochromanquinone dimers, named floribundiquinones A-D (1-4) were isolated, along with six known anthraquinones, 10-(chrysophanol-7Ј-yl)-10-hydroxy-chrysophanol-9-anthrane (5), 15) physcion (6), 16) chrysophanol (7), 1,5,8-trihydroxy-3-methyl-anthraquinone (8), 17) aloe-emodin (9), 18) and xanthorin (10). 17) Their structures including the absolute axial stereochemistry were elucidated on the basis of spectroscopic methods. Hepatoprotective activities of compounds 1-4, 6, and 7 were evaluated against D-galactosamine-induced toxicity in WB-F344.
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Floribundiquinone A (1) was obtained as a brown amorphous powder. The IR spectrum indicated the presence of hydroxyl, hydrogen bonded carbonyl and aromatic groups. The high resolution (HR)-EI-MS of 1 showed a molecular ion peak at m/z 570.1513 corresponding to molecular formula C 32 H 26 O 10 . The UV spectrum of 1 showed absorption maxima at 203, 222, 254, 283, and 434 nm in MeOH. These data suggested that 1 has quinone groups.
The 1 H-NMR spectrum of 1 ( (Fig. 1) , it was confirmed that a 5,6-dihydro-2,6-dimethyl-2H-pyran system was fused at the 3,4-position. The signal at d H 6.05 was assigned to a quinonoid proton adjacent to the methoxyl group. Careful analysis of the HMBC data revealed that 1 has a 3,4-dihydro-1,3-dimethyl-1H-naphtha[2,3-c]pyran-6,9-dione unit (benzisochromanquinone unit). 19, 20) The remaining NMR data were similar to those of physcion 16, 21, 22) except for the absence of an aromatic proton at d H 6.67. It was evident from the HMBC correlations as summarized diagrammatically in Fig. 1 . On the basis of this observation, it is proposed that 1 is a combination of benzisochromanquinone and anthraquinone. The biaryl connectivity was determined at the C-8 and C-7Ј positions on the basis of the facts that C-7Ј and C-8 were quaternary carbons and their chemical shifts were downfield. On the other hand, in HMBC spectrum, the C-8 terminus of biaryl bond at d C 126.3 correlated with H-13 at d H 2.24, while C-7Ј at d C 121.4 correlated with H-5Ј at d H 7.50. [23] [24] [25] The relative cis-configurations at C-11 and C-14 in 1 could be deduced from the nuclear Overhauser effect (NOE) 3 .65 (1H, m) was observed. Furthermore, the chirality at the asymmetric centers must be 11R, 14S considering the fact that presumably all of the related benzisochromanquinone isolated to date from the Rhamnaceae genus. 19, 20) On the other hand, the absolute configuration at the chiral axis was also determined from the circular dichroism (CD) spectrum. The spectrum exhibited a strong negative Cotton effect at longer wavelength and a strong positive Cotton effect at shorter wavelength close to 280 nm. Compound 1 was designated to be S according to the PrelogHelmchen. [26] [27] [28] Therefore, compound 1 was elucidated as depicted and named floribundiquinone A.
Floribundiquinone B (2) was obtained as red needles. The IR and UV spectra and optical rotation were very similar to 1. The HR-EI-MS of 2 showed a molecular ion peak at m/z 570.1535 corresponding to the same molecular formula C 32 H 26 O 10 as 1. Compared the NMR data of 2 with the corresponding signals of 1 (Tables 1, 2), the only difference was that two methylene protons of benzisochromanquinone unit were well separated and split to regular multiplets at d H 2.16 (1H, dt, Jϭ16.5, 2.0 Hz) and 2.40 (1H, ddd, Jϭ16.5, 11.0, 4.0 Hz), respectively, in 2, instead of that they were overlapped and appeared as an irregular broad singlet at d H 2.24 (2H, br s) in 1. 19) All of above proposed that the two compounds were a pair of diasteroisomers. 29) Furthermore, the same relative configurations as 1 at C-11 and C-14 were determined based on the NOE experiments. But the CD spectrum of 2 showed a strong positive Cotton effect at longer wavelength and a strong negative Cotton effect at shorter wavelength close to 280 nm, which was just opposite to 1. So, it is obvious that 1 and 2 are atropisomers. Therefore, the absolute stereochemistry of the biaryl axis in 2 must be R.
Floribundiquinone C (3) was obtained as a brown powder. Its UV and IR spectra were very similar to 2. The HR-EI-MS of 3 showed a molecular ion peak at m/z 540.1432 corresponding to molecular formula C 31 H 24 O 9 . The .0 Hz) suggested the existence of a 3,4-fused 5,6-dihydro-2,6-dimethyl-2H-pyran system. While two methylene protons of benzisochromanquinone unit were also split to two multiplets as 2. Further compared the NMR data of 3 with those of the corresponding signals in 2, the significant difference was absence of a methoxy signal at C-6Ј in 3. The detail assignments were accomplished by means of the NMR spectroscopic analysis including the heteronuclear multiple-quantum coherence (HMQC) and HMBC (Tables 1, 2 ). The same relative configurations at C-11 and C-14 were determined as 1 based on the NOE experiments. The chirality of axis was determined as S from the CD spectrum. Thus, all these results indicated structure of 3 as shown. Floribundiquinone D (4) was a red powder. 21, 22) suggesting that the pattern of a 5,6-dihydro-2,6-dimethyl-2H-pyran ring fused to naphthoquinone unit and the biaryl connectivity in 4 were not identical with those in 1. These were further confirmed by HMBC spectrum (Fig. 1) . In HMBC spectrum the correlations of H-6 at d H 6.76 (1H, s) with C-7 at d C 165.8, C-8 at d C 123.4 and C-10 at d C 110.3 and H-7Ј at d H 6.71 (1H, s) with C-5Ј at d C 123.4, C-6Ј at d C 164.8 and C-8Јa at d C 109.7 were observed. So, the 5,6-dihydro-2,6-dimethyl-2H-pyran system was fused at the 3,4-position 19, 28) and the biaryl connectivity was determined at the C-8 and C-5Ј positions associated with the shift principle. 25, 29) The same relative configurations at C-11 and C-14 as 1 were determined based on the NOE experiments. The chirality of axis was determined as R from the CD spectrum. Thus, compound 4 was elucidated as depicted and named floribundiquinone D.
Hepatoprotective activities of compounds 1-4, 6 and 7 from EtOAc fraction of B. floribunda were examined against D-galactosamine-induced toxicity in WB-F344 cells (Table 3) using bicyclol, a drug showing hepatoprotective activity 30) as a positive control. Compounds 3 and 4 showed a potent inhibitory activity at 10 Ϫ4 M in vitro.
Experimental General Experimental Procedures
All melting points were determined on a Reichert Nr-229 micromelting point apparatus and are uncorrected. The 1250
Vol. 56, No. 9 optical rotations were measured on a Perkin-Elmer 34/LC polarimeter. UV spectra were recorded on HP 8453 UV-Visible spectrophotometer. IR spectra were recorded on an IMPACT 400 (KBr) spectrometer. ϩ m/z 571.1617 (Calcd for 571.1604). Hepatoprotective Activity Assay. Protective Effect on Cytotoxicity Induced by D-Galactosamine in WB-F344 Cells The hepatoprotective effects of compounds 1-4, 6 and 7 were determined by a 3-(4,5-dimethylthaizol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay 31, 32) in WB-F344 Cells, with some modification. Each cell suspension of 1ϫ10 4 cells in 200 ml of Dulbecco's modified Eagle's medium containing fetal calf serum (3%), penicillin (100 units/ml), and streptomycin (100 mg/ml) was planted in a 96-well microplate and precultured for 24 h at 37°C under a 5% CO 2 atmosphere. Fresh medium (200 ml) containing bicyclol and test samples was added, and the cells were cultured for 1 h. Then, the cultured cells were exposed to 40 mM D-galactosamine for 24 h. Cytotoxic effects of test samples were measured simultaneously in the absence of D-galactosamine. The medium was changed into a fresh one containing 0.5 mg/ml MTT. After 3.5 h incubation, the medium was removed and 150 ml of dimethyl sulfoxide was added to dissolve formazan crystals. The optical density (OD) of the formazan solution was measured on a microplate reader at 492 nm. Inhibition (%) was obstained by the following formula:
inhibition (%)ϭ[(OD (sample) ϪOD (control) )]/[(OD (normal) ϪOD (control) )]ϫ100
Statistical Analysis All values were expressed as ϮS.D. The Student's t-test for unpaired observations between normal or control and tested samples was carried out to identify statistical differences; p values less than 0.01 were considered as significantly different.
